 Abstract-This study aimed at monitoring the effects of precipitation and pineapple cultivation on thedynamics of nutrients and chemical properties of peat soils. Soil samples were taken from 3 years and 4 years old pineapple plots as well as from an uncultivated natural peat at 0-25 and 25-50cm depths from January 2012 until June 2012. Samples were oven-dried, sieved and analyzed for total N, available P, exchangeable K, Ca, Na, Mg, CEC, total C, conductivity and soil pH.Results of the analysis showed that available P, exchangeable K, Mg, Na and CEC were significantly affected by both precipitation and pineapple cultivation activities. Total C and exchangeable Cawere only affected by precipitation whereas conductivity was related to cultivation activity. It can be concluded that the amount of precipitation and pineapple cultivation activitiesinfluence nutrient availability in peat soils.
I. INTRODUCTION
The existence of about 2.7 million ha of lowland peat in Malaysia represents a need to manage it in a sustainable way [1] . The peat soil which developed mainly along the coastal areas just behind the beach ridges or the accreting mangroves offer a medium for some crops such as oil palm, pineapples, sago palm, tapioca and all kinds of vegetables. Cultivation activities contributed toward changes of peat nutrient dynamics and chemical properties most likely due to burning, excessive fertilization and extensive drainage networks constructions [2] . These activities were also suspected to give impact on peat properties down its profiles. According to a study by Sulistiyantoet al., leaching results from canal construction had caused lower nutrient contents of peat water at 50cm in deforested areas [2] . A decreasing pattern of some nutrients were also detected in peat soils under sago palm cultivation, with increasing profile depth [3] . Some of the elements such as Ca tend to migrate down into deeper layer whereas some other element such as Fe tends to concentrated on the surface layer. Other elements move either downward or upward within a peat profiles [4] . It is also important to consider the effects of precipitation on the behaviour of different nutrients at different peat depths over time, since it is largely affects management strategy especially the fertilization programme. The dry and wet seasons play important roles in altering the dynamics of nutrients and chemical properties of soils. For example, the concentration of Mg and K [5] and Ca and Na [6] is higher during dry season (low precipitation) than in wet season. The presence of dust may contain these elements in atmosphere that originally comes from peat burning activity [6] . On the other hand, high water table results from high precipitation interferes the oxygen supplied to the soil. So, drainage construction is necessary to assists the respiration of plant roots in peat soils. In contrast, rapid decomposition and subsidence may occur if the water table is not maintained systematically [7] . This condition further contributes towards rapid nutrient loss and lowering the productivity of crops planted [8] . Moreover, the concentration of nutrient elements exerted a dilution effect when there are greater amount of water in the canal [2] . The objective of this study is to monitor the effects of precipitation and pineapple cultivation on the dynamics of nutrients and chemical properties in peat soils. In this study, the peat properties were estimated attwo different depths while the sampling and observation was for 6 months period. The results were compared between 3 and 4 years pineapple cultivated plotsas well as natural peat plot adjacentto the area.
II. MATERIALS AND METHODS
The sampling area was located at apineapple farm in Selangor, Malaysia (N02º57', E101º30'). The soil of the area was classified as a deep, ombrogenous and oligotrophic peat soils. Age of the pineapples was between 6 to 11 months (var. Morris) and liming was not applied at all. Samples were taken at natural peat (P1), 3 years pineapple cultivated plot (P2) and 4 years pineapple cultivated plot (P3). At each plot, the soil samples were taken from 6 sampling points at two different depths (0-25cm and 25-50cm) from the surface. Soil samples were collected on monthly basis from January 2012 to June 2012. Samples were oven-dried and sieved for further analysis. Soil pH and conductivity were determined by using pH meter and conductivity meter respectively, with a 1:5 sample/water ratio. Soil cation exchange capacity (CEC) and exchangeable K, Na, Ca and Mg were determined by leaching method. The leachate analyzed using steam-distillation method for CEC while exchangeable K, Na, Ca and Mg analyzed by Atomic Absorption Spectrophotometer (AAS). Total N was analyzed by using Kjeldahl-method, total C determined through Walkley & Blacks rapid titration method and available P was determined by Aqua Regia and Blue method. The data gathered were analyzedusing ANOVA and Pearson correlation test with Statistical Package for Social Sciences (SPSS) version 19 software.
III. RESULTS AND DISCUSSIONS
A. Rainfall Distribution Figure 1 . Distribution of rainfall according to months Fig. 1 shows the fluctuation of rainfall in the study area, recorded from the nearest Malaysia meteorological station (N02º59', E101º29'). The highest amount of rainfall recorded during the study period was in March (505.6mm), followed by February (341.7mm), May(328.5mm), January (278.7mm), April (80.1mm) and finally the driest month was in June (54.3mm). Table I and Table II shows the effect of precipitation on distribution of nutrients and chemical properties in peat soils at 0-25cm and 25-50cm depth, respectively. Correlation of those variables with precipitation at 0-25cm and 25-50cm was shown in Table III and Table IV , respectively.
B. Effects of Precipitation
In this study, the different amount of precipitation had resulted in different pattern of total N content. This variation is due to the fluctuation of water table leading to aerobic and anaerobic condition within the peat profile, similar to the findings by Juo and Franzluebbers [9] . Total N shows a significant variation in concentration at both depths as the amount of rainfall fluctuates from January to February. Available P only shows a significant variation at 0-25cm between January and March whereas no significant variation observed at 25-50cm depth. In contrast, exchangeable K does not vary along the monthsfor both depths (Table I) . K-being is very mobile. Much of K in the peat has been leached out and very small amount still remain in the system. Hence, the amount of K at any one time is always very small (Table
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2013 Engineering and Technology Publishing I) either in available form or in easily exchangeable form [10] . Overall, available P indicates a significant positive correlation at 0-25cm depth and exchangeable K shows a significant negative correlation at 25-50cm depth, with precipitation respectively (Table III and Table IV) . For selected chemical properties studied, different variation was observed for different variables at different depths (Table II) . However, only certain variables show a significant correlation with the precipitation (Table IV) . High precipitation is related to acid dilution, thus lowering the soil acidity [10] . This is in line with results of this study showing that soil pH becomes more acidic as it moves down peat profiles, as anaerobic condition takes place (Table II) .During dry season, water table dropped into certain level and enhances aeration in peat soils above it. Under this aerobic condition, rapid decomposition takes place and more nutrients especially K were released from organic matter into available form. In natural peat, the concentration of exchangeable Ca, Mg and Na were naturally high (Table II) . Due to high water table in this area, high precipitation results in reduction of these cations. This finding is supported by a significant negative correlation between soil CEC, exchangeable Ca, Mg and Na with the precipitation (Table III and Table IV ). The patterns of total C varied between months, except in June where all the plots show a decreasing pattern in both depths (Table II) . As for June, it was the driest month recorded which resulted in the lowering of water table in the peat profile, hence cause the oxidation of organic materials that release carbon into atmosphere. The equilibrium had shifted from accumulation into decomposition of organic matter under this aerobic condition. A favourable environment for microbial activity was created resulting in rapid decomposition which further change the total C in the peat soils [11] . The positive correlation between Total C and precipitation is shown in Table IV . Fig. 2, Fig. 3 and Fig. 4 show the general distribution of variables in various months at different depths. Table  V and Table VI show the mean distribution of variables in peat soils under different plots. Table VII and Table  VIII show the correlation between variables in peat soils at 0-25cm and 25-50cm depth, respectively.
C. Effects of Pineapple Cultivation
From Fig. 2 , total N of sampled area ranged from 0.93% to 1.85% at 0-25cm depth and 0.83% to 1.82% at 25-50cm depth. Natural peat area recorded the highest total N concentration and shows only slight decline in the beginning until the end of study period compare to the cultivated area, although no significant difference observed between plots (Table V) . This shows that the
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2013 Engineering and Technology Publishing opening of peat soils for cultivation activities has resulted in decreasing of total N much likely due to uptake of plants and leaching upon drainage construction. Increased of water table in peat soils probably caused the soluble N to leached thus contribute to lowering of total N content. The results also showed that total N in initial month for all plots constantly decrease until the end of studied months, without any significant additional of N being observed (Fig. 2) . Hence, the fertilization program of N especially inorganic N needs to be revised by the farmer considering the amount of N loss from the peat system. Despite this, total N as stated in a study by Ahmed et al.is also possibly affected by the activity and population of bacteria [12] . N under anaerobic condition generally exists in form of ammonium-N since the nitrification activity is highly constrained [9] . According to Empiet al., the concentration of N is usually low under acidic and anaerobic condition [13] because of low population and restricted bacterial activity which shown by a significant positive correlation between total N and pH in this study (Table VII and Table VIII ). Concentration of P ranged from 19.83 to 104.17 ppm at 0-25cm depth and 21.17 to 174.17 ppm at 25-50cm depth (Fig. 2) . P concentration was higher in natural peat area. A steady declining trend of P with age of cultivation (Fig. 2) was observed throughout the study indicating the significant effects of cultivation activity on available P concentration (Table  V) . Brady and Weil stated that there is a possibility of P forming a complex with Ca or other cations like Al and Fe which are particularly prevalent in acid conditions [10] . A study done by Ahmed et al. [14] found that in mineral soil, the P fixation is quite obvious compared to peat soils because of low clay content and mineral matter. P loss couldbe due to uptake of pineapple crops [15] . A study conducted by Stepniewskaet al. shows that after flooding under laboratory conditions, P showed the highest concentration released at 0-20cm surface layer [16] and the trend was the same for cultivated plot (P2 and P3) in this study. However, contrasting finding was observed for natural peat (P1) as more P was concentrated at 25-50cm layer (as shown in Fig. 2 ).This is probably due to variation between the controlled and field conditions by which both study is conducted. There is also a possibility that available P was released from the mineralization process. Desorption of phosphates either from organic anions or Al and Fe complexes could contribute to the increased amount of P [17] .
Concentration of K ranged from 0.03 to 0.22ppm at 0-25cm depth and 0.03 to 0.26ppm at 25-50cm depth (Fig.  2) . High concentration of K was found in natural peat area and upon cultivation, the concentration decline significantly. In P3, the surface shows a slight increase of K concentration in June due to burning of crop residues. In P2, the lower K concentration was possibly due to uptake by pineapple at the fruiting stage. Besides, K concentration declined accordingly with time (Fig. 2) . K fertilization programme should be revised by farmers to overcome the reduced K concentration observed. According to a study conducted by Ahmed et al,annual loss, recovery and deficiency of K in pineapple cultivation is quite severe because of leaching [18] possibly due to low clay and mineral matter content of peat soils [19] . Peat soils does not readily adsorb exchangeable K even though it have high CEC given that the fixation of K is almost absent in this soil type [11] .
For chemical properties of peat soils under study, the mean distribution shown in Table VI indicated that only certain variables had undergone significant changes upon pineapple cultivation. These include conductivity, exchangeable Mg, Na and CEC. From Fig. 3 and Fig. 4 , the pH of the study area was naturally acidic (pH 2.88 + 0.39). The main factor that contributes towards this low acidity was due to precipitation indicated in this study. Other reason is probably due to the existence of carbonic and organic acids. The management activities such as drainage construction and burning which results in the addition of ash and release of cations were also among factors that contribute to this change in pH.In June, the area of P3 had been burned as the harvesting period was over. The burning on peat surface has resulted in sudden increase of pH at bothdepths. All plots under study showed increase in acidity as it moves downpeat profile. Radojevic et al. showed that the pH is higher as more basic cations such as Ca, Mg and K were released as well as the presence of ash resulted from drainage, oxidation and burning process [20] . This finding is in line with result from this study where the construction of drainage, oxidation caused bywater table fluctuation and burning process in pineapple cultivated area had increased the pH of peat soils.
The natural peat area has a conductivity ranged between 277.78 + 35.86. Significant lowering of conductivity value was observed after the cultivation activities take place (Table VI) , ranging between 220.45 ±46.14 for both depths. A steady increasing pattern of conductivity was shown in the month of April and decreased dramatically in the following month for both depths (Fig. 3 and Fig. 4) . This is likely due to the existence of vadose zone results from the evaporative absorption of water by plants [10] . The finding is supported by rainfall data that shows April was one of the driest months (this dry period created unsaturated zone above the water table) and May was the contrast, with higher rainfall. In May, the high rainfall caused a dilution of the electrolytes thus decreased the concentrated salt which results in decreased of conductivity. Since there is no significant correlation observed between conductivity and precipitation, the reason is attributed to the drainage system constructed in the pineapple plots that speed up water removal during wet season which effectively removed salt particularly Na from the soil. CEC of
2013 Engineering and Technology Publishing sampled area ranged from 19.33 to 53.33cmol/kg at 0-25cm depth and 23 to 57.67 cmol/kg at 25-50cm depth (shown in Fig. 3 and Fig. 4 ). CEC is highly correlated with exchangeable basic cations and not a pH dependent. In this study, a strong positive correlation was observed between CEC and these exchangeable bases (Table VII  and Table VIII) .
In February, concentration of Ca, Mg and Na decreased simultaneously with CEC, indicating that the exchange site was being dominated by H + , Al 3+ and Fe
3+
. There is also a possibility that these basic cations were being leached since high precipitation occurred during this month. In P2, the pattern was almost the same as natural peat, indicating that cultivation activities do not affect much of peat properties after 3 years of growing pineapple. However, in P3 the pattern was totally contrast indicating that after 4 years of pineapple cultivation, the exchangeable bases had been altered. Additional supply of Ca and Mg comes from ash, precipitation and fertilizer. However, high contribution of Mg was coming from burning activity of pineapple leaf residues. In contrast, contribution of burning towards increase of Ca concentration as stated in a study by Ahmed et al., is quite small compared to those comes from fertilizer and precipitation [12] .
IV. CONCLUSIONS
For nutrients, the N content does not really affected by the precipitation and pineapple cultivation activity even though some trend was observed throughout the study period. Available P and exchangeable K showed a significant correlation for both precipitation and cultivation activity, indicating its importancein peat system. K is possibly affected most by farmers' activities especially burning and harvesting. In addition, total N and exchangeable K concentration declined accordingly with period of cultivation. Hence, the N and K fertilization programme should be revised by farmers since large amount of both nutrients were being lost believe to be through leaching. For chemical properties, peat of the study area is naturally very acidic (pH 2.28 -pH 3.56) and the soil solution chemistry is probably controlled by the activity of acid cations (H + , Al 3+ and Fe 3+ ). Conductivity in contrast react more towards the cultivation activity, without much affected by the precipitation. Exchangeable Mg, Na and CEC are very responsive to both precipitation and pineapple cultivation activity. In contrast, exchangeable Ca is only affected by precipitation.
It can be concluded that the nutrients and chemistry of peat soils under pineapple cultivation undergo alteration and behave differently from its natural state after 4 years due to the fluctuation in precipitation and farmers' cultivation activities. Hence, peat soil management of the area should focus more on synchronizing fertilizer application particularly P and K with rainfall or soil water 
